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Tbjective: Primary repair of tetralogy of Fallot with absent pulmonary valve
yndrome has been associated with significant mortality, particularly for neonates in
espiratory distress. Controversy persists regarding the method of establishing right
entricle–pulmonary artery continuity.
ethods: Anatomic and demographic parameters were evaluated for patients un-
ergoing repair of tetralogy of Fallot with absent pulmonary valve syndrome from
990 to 2005, as were perioperative and late postoperative parameters (airway
omplications, reoperation or catheter-based intervention, and mortality).
esults: Twenty-three patients underwent repair. Median age was 15 days (range
-1154 days). Patients were followed up for 5.3  3.9 years. Seventeen (85%)
equired preoperative ventilatory assistance. One patient died within 24 hours; 1
atient died 8 months postoperatively. Four patients received valved homografts,
nd the remainder had valveless connections. All patients underwent reduction
ulmonary arterioplasty and mobilization, unifocalization (in 3), and ventricular
eptal defect closure. Valveless connection recipients had a transannular hood. No
atient underwent a Lecompte maneuver. Four patients underwent reoperation for
onversion to valveless connection (n  1), reduction arterioplasty (n  1), and
epair of pulmonary stenosis (n  2). Three patients required catheter-based
ntervention, with balloon angioplasty (n  3) and stent placement (n  1); 2 now
emonstrate equal quantitative lung perfusion. No patient has had significant de-
ility from airway compromise. All patients demonstrate free pulmonary insuffi-
iency and good biventricular function.
onclusions: We report excellent overall survival (89%) and low postoperative
orbidity for neonates and infants undergoing primary repair of tetralogy of Fallot
ith absent pulmonary valve syndrome. Our recent experience supports the use of
valveless right ventricle–pulmonary artery connection, which, combined with
atheter-based intervention, reduces the likelihood of reoperation necessitated by
omograft placement.
etralogy of Fallot (TOF) with absent pulmonary valve syndrome (APV) is
an unusual variant of TOF, the primary repair of which has traditionally
been associated with significant morbidity and mortality, especially for
eonates with respiratory distress. Mortalities as high as 33% have been reported for
eonates and infants with TOF-APV, and although recent surgical series have
uggested improving perioperative survivals, the rates of reintervention for these
atients remain high. In particular, for those receiving homografts, reoperation is
bligatory.1-4
Although most concur regarding the need for early intervention with TOF-APV
o reduce the extent and severity of tracheal stenosis and bronchomalacia, consid-
rable debate persists regarding the best method of right ventricle (RV)–pulmonary
he Journal of Thoracic and Cardiovascular Surgery ● Volume 132, Number 5 1099
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Drtery (PA) connection, as well as the most efficacious
urgical management of the dilated PAs. Techniques re-
orted have included the complete excision of the dilated
As and reconstruction with homograft tissue, performance
f a Lecompte maneuver, subtotal resection with flap aug-
entation and arteriopexy, and anterior or posterior resec-
ion and reduction pulmonary angioplasty.1-6
We reviewed our 15-year experience with repair of TOF-
PV. Particular attention was paid to the method of RV-PA
onnection and its impact on medium-term results.
ethods
atients
ecords were reviewed of all patients with TOF-APV repaired
etween April 1, 1990, and April 1, 2005, at the Morgan Stanley
hildren’s Hospital of New York–Presbyterian Hospital. Preoper-
tive anatomic and demographic parameters were evaluated, includ-
ng fetal diagnosis, initial presentation, presence of chromosomal
bnormalities, age and weight at surgery, the need for preoperative
entilatory support, and additional congenital heart defects.
Early and late postoperative morbidities were also evaluated,
ncluding airway complications, total mechanical ventilatory time,
ntensive care unit and overall hospital stays, the need for reop-
ration or catheter-based intervention (CBI), long-term respiratory
orbidity, and overall mortality. Most recent echocardiograms
ere reviewed to assess ventricular function, residual defects,
egree of pulmonary insufficiency, RV parameters, and right-sided
utflow tract obstruction. Telephone interviews with parents and
eferring cardiologists were performed to assess overall growth
nd development, the degree of residual respiratory compromise,
nd exercise tolerance.
This study was approved by the Columbia University institu-
ional review board.
urgical Technique
ll patients underwent complete repair of the lesion, involving clo-
ure of the ventricular septal defect (by transventricular [n  14] or
ransatrial [n  5] approach), resection of the infundibular stenosis,
ownsizing of the PAs, and establishment of RV-PA continuity.
ulmonary reduction arterioplasty involved a generous anterior
rterioplasty with primary reapproximation. All patients under-
ent extensive mobilization of both PAs from hilum to hilum, with
aximum liberation of the branch PAs off the bronchus. No
atient had the dilated PAs completely excised. All branch PAs
Abbreviations and Acronyms
APV  absent pulmonary valve
CBI  catheter-based intervention
MRI magnetic resonance imaging
PA  pulmonary artery
PTFE polytetrafluoroethylene
RV  right ventricle
TOF  tetralogy of Fallotnderwent reduction angioplasty to an appropriate size, as esti- p
100 The Journal of Thoracic and Cardiovascular Surgery ● Novated by body surface area. The Lecompte maneuver was not
erformed. For patients in whom the PA arose anomalously from the
orta, the branch PAs were additionally unifocalized before establish-
ent of RV-PA continuity. For patients in whom reconstruction with
simple transannular patch would result in PA distortion, the main
A was completely excised from the ventricle, and the PA bifurcation
as brought directly to the shoulder of the ventricle at the superior
spect of the right ventriculotomy.
RV-PA continuity was established with either (1) a valved
omograft, or (2) a valveless transannular patch, with a hood of
aterial (either autologous pericardium or polytetrafluoroethylene
PTFE]) used as a roof over the connection. No patients with the
ransannular patch had reconstruction with monocusp valves.
nterventional Techniques
or patients with evidence of stenosis of the branch PAs on
ostoperative evaluation, further inquiry regarding the distribution
f flow was determined with ventilation-perfusion nucleotide scan-
ing or magnetic resonance imaging (MRI). Cardiac catheteriza-
ion was used diagnostically and therapeutically, and intervention
as pursued for those with focal lesions, for those with signifi-
antly elevated RV pressures, and for those in whom maldistribu-
ion of perfusion exceeded 70%/30%.
esults
emographics
wenty-three patients underwent operation for TOF-APV
uring the study period at MS-CHONY (Table 1). T
ere 10 male and 13 female patients. Two patients had
ndergone operative repair elsewhere and required RV-PA
onduit exchanges, and 1 patient returned to a foreign
ountry and was unavailable for follow-up evaluation; these
patients were not included in the analysis. One patient had
ndergone repair elsewhere as a neonate but required revi-
ion as an infant at MS-CHONY. The other 19 patients
nderwent their primary operations at MS-CHONY. The
ean follow-up was 5.3  3.9 years (range 1.1-13.5 years).
The median age of the patients was 15 days (range
-1154 days). The average weight of the patients was 4.0 
.1 kg (range 2-11.8 kg). The most common presentation
as respiratory distress at birth, in 17 patients (85.0%); 2
atients were completely symptom free, and an additional 2
ere initially symptom free but required reevaluation at 14
o 21 days of age for airway compromise and respiratory
ymptoms. Seventeen patients (85.0%) required preopera-
ive ventilatory assistance, ranging from continuous positive
irway pressure (CPAP, n 10) to intubation with mechan-
cal ventilation (n  7).
The diagnosis of TOF-APV had been made prenatally in
cases (35.0%). Apart from atrial septal defects, no patient
emonstrated other significant cardiac anomalies requiring
econstruction at the time of repair; however, 2 patients had
iscontinuous branch PAs requiring unifocalization. No
atients demonstrated coronary artery anomalies. Two
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Datients (10.0%) had chromosomal study results consistent
ith DiGeorge syndrome.
perations and Perioperative Parameters
he earliest 4 patients underwent repair with a homograft
or the RV-PA connection; the remainder of the patients
eceived valveless connections. In 1 patient who was seen
lectively for planned reoperative homograft exchange, the
A bifurcation was instead brought to the shoulder of the
V, and the homograft was converted to a valveless RV-PA
onnection with the “direct connection” technique we have
escribed previously.7 In 2 patients, the direct connecti
echnique was used at the time of primary repair; both with
TFE used as the hood of the connection. Among the 13
ther patients receiving transannular patches, 4 had PTFE
sed, 1 had PA tissue excised from the dilated branch PAs
sed, 1 had homograft PA used, and 7 had autologous
ericardium tanned in glutaraldehyde used. Three patients
ABLE 1. Patient characteristics
ase Age (d) Preoperative ventilation
1 2 CPAP Homograft
2 2 Intubated Transannul
pericardi
3 4 Intubated Transannul
pericardi
4 4 Intubated Direct conn
5 6 CPAP Unifocaliza
homogra
6 7 CPAP Unifocaliza
7 8 CPAP Transannul
8 12 CPAP Transannul
9 13 CPAP Transannul
pulmonar
10 13 Intubated Transannul
pericardi
11 17 Asymptomatic Unifocaliza
PTFE hoo
12 20 CPAP Transannul
13 22 CPAP Direct conn
14 24 Symptomatic at 21 d Transannul
pericardi
15 29 Intubated Homograft
16 33 Intubated Homograft
17 40 Asymptomatic Transannul
pericardi
18 231 Asymptomatic Transannul
pericardi
19 238 Late respiratory
symptoms
Transannul
20 1154 Tracheostomy, ventilator
dependent
Transannul
PAP, continuous positive airway pressure; PTFE, polytetrafluoroethyleneequired unifocalization of the branch PAs before repair. c
The Journal of ThoracicPostoperative mechanical ventilatory assistance duration
as 4.1  2.3 days, followed by CPAP for 2.9  1.6 days
n 10 cases. Postoperative intensive care unit stay was
3.9  18.7 days; overall hospital stay was 16.5  20.9 days.
Two patients died after operation. The first (patient 2),
ho died at 48 hours, was an infant initially brought to the
perating room at 36 hours after birth, having sustained an
cute cardiopulmonary arrest. During the first 24 hours after
irth, he had significant ventilation difficulties, requiring an
scillation ventilator, with a PCO2 as high as 180 mm Hg. In
he operating room, he again sustained a cardiopulmonary
rrest, and despite weaning appropriately from cardiopul-
onary bypass after the repair, he could not be supported in
he perioperative period.
The second patient (patient 12) was transferred back to
er referring hospital on postoperative day 64 with CPAP.
t the referring hospital, she underwent tube gastrostomy,
Operation Outcome
nstruction Well at follow-up
tch of autologous Died perioperatively
tch of autologous Well at follow-up
n with PTFE hood Balloon angioplasty, reoperation,
PA stent
transannular patch of
icardium
Reoperation, PA stent
homograft reconstruction Well at follow-up
tch of PTFE Well at follow-up
tch of PTFE Balloon angioplasty, PA stent
tch of autologous
sue
Well at follow-up
tch of autologous Well at follow-up
direct connection with Well at follow-up
tch of PTFE Died 8 months postoperatively
n with PTFE hood Well at follow-up
tch of autologous Reoperation, reduction
pulmonary arterioplasty
nstruction Well at follow-up
nstruction Conversion to direct connection
tch of autologous Well at follow-up
tch of autologous Well at follow-up
tch of PTFE Well at follow-up
tch of PTFE Well at follow-up
pulmonary artery.reco
ar pa
um
ar pa
um
ectio
tion,
ft per
tion,
ar pa
ar pa
ar pa
y tis
ar pa
um
tion,
d
ar pa
ectio
ar pa
um
reco
reco
ar pa
um
ar pa
um
ar pa
ar paomplicated by a pericatheter abscess requiring intravenous
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Dntibiotics. Approximately 8 months postoperatively, she
ad a respiratory arrest. Despite endotracheal intubation,
he could not be sufficiently oxygenated and died.
chocardiography
he most recent echocardiographic analysis (2.7  4.2
ears after repair) demonstrated free pulmonary insuffi-
iency in all patients, including those with homograft
V-PA connections. No patients demonstrated a residual
entricular septal defect, and only 1 demonstrates a 40-mm
g gradient in the RV outflow tract. One patient demon-
trates a severely dilated RV with reduced ventricular func-
ion; the others all display a moderate degree of ventricular
ilatation with normal RV function and diastolic flattening
f the interventricular septum.
eoperations
our patients required reoperation. Patient 4 had a direct
onnection type repair at the time of initial operation. Al-
hough he made an uneventful recovery, he subsequently
emonstrated a discrete narrowing of his distal main PA,
ecessitating balloon dilatation 3 months later. He returned
o the operating room 4 months later for patch augmentation
f the stenotic distal PA thought to be related to the acute
ngle of origin of the right branch PA. Despite this, the
atient had a recurrence of distal main PA stenosis, neces-
itating stent placement at 22 months of age; he has subse-
uently demonstrated balanced pulmonary blood flow on
ollow-up MRI examination.
Patient 5 initially required unifocalization of her PAs
ecause of the origin of her left branch PA from the ascend-
ng aorta. She had a transannular patch of cryopreserved
ericardium. She returned to the operating room 3 weeks
ater for repair of severe left branch PA stenosis. At oper-
tion, her left PA origin at the site of unifocalization arose
t a significant angle and in addition was severely fibrotic,
hought to be due to the presence of ductal tissue. The
brosis was resected, and the left branch PA was brought to
he distal aspect of the previous transannular patch and
dditionally augmented with cryopreserved pericardium.
espite an uneventful recovery, this child later required a
eft PA stent at 10 months of age; she has since demon-
trated balanced pulmonary blood flow.
Patient 14 had initial repair with a reduction pulmo-
ary arterioplasty and a transannular patch of autologous
ericardium. She had an uneventful recovery from this
rocedure but was seen 2 years later with persistent
espiratory complaints and a ventilation-perfusion scan
emonstrating 77% of flow to the right lung. She subse-
uently underwent reoperation. At the time of operation,
he etiology of the recurrent dilatation was unclear; how-
ver, the dilation was more pronounced on the left than the
102 The Journal of Thoracic and Cardiovascular Surgery ● Novight main PA. In addition, the arborization of the left PA
as highly abnormal, and the tertiary branches were dimin-
tive. The patient subsequently underwent a repeat reduc-
ion arterioplasty of both right and left main branch PAs.
he has since had a follow-up MRI demonstrating no evi-
ence of focal PA stenosis, but ventilation-perfusion scan-
ing continues to demonstrate unbalanced perfusion.
Patient 16 initially had undergone repair with an 11-mm
omograft and was brought to the operating room electively
years later for homograft exchange. At the time of the
peration, it was clear that the PA bifurcation would reach
asily to the ventricle, and a direct connection conversion with
n autologous pericardial hood was therefore completed.
The final patient (patient 20) had been operated on pre-
iously at another institution and had remained ventilator
ependent with a tracheostomy and severe bronchomalacia.
e was brought to the operating room for repeat reduction
ulmonary arterioplasty with a PTFE transannular patch. He
as since been discharged home but continues to require
entilatory assistance at night.
einterventions
atient 8 underwent initial repair with a reduction pulmo-
ary arterioplasty and transannular patch with PTFE, from
hich he had an uneventful recovery. He was seen again
months later with a significant left branch PA stenosis
nd underwent balloon angioplasty at 3 months of age. He
ubsequently underwent stent placement of the left PA
tenosis after a ventilation-perfusion scan demonstrated
aldistribution of flow with 80% to the right lung; after the
tent placement, he now demonstrates balanced pulmonary
lood flow. Actuarial freedom from intervention (operation
r CBI) is represented in Figure 1.
unctional Recovery and Airway Management
reoperative airway assessment with bronchoscopy was
eserved for selected patients with significant airway
0%
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Years
Reoperation
CatheterizationFigure 1. Actuarial freedom from intervention (reoperation or CBI).
ember 2006
ow
d
O
u
s
i
r
t
(
b
t
b
h
1
n
f
p
t
e
s
u
c
D
A
t
T
s
t
c
d
r
n
t
h
p
i
t
a
a
f
W
p
r
i
t
d
c
a
s
r
t
t
e
c
t
t
m
t
d
w
a
p
q
v
h
s
n
t
t
t
m
t
e
t
h
w
p
e
h
s
e
l
f
m
s
d
i
T
c
c
a
f
s
e
Chen et al Surgery for Congenital Heart Disease
CH
Dbstruction requiring intubation. Three of the 5 patients
ho were intubated preoperatively had pneumothoraces
evelop, probably from high peak ventilatory pressures.
ne patient underwent preoperative MRI, and 1 patient
nderwent preoperative computed tomographic scan analy-
is; however, it is not our policy to pursue additional imag-
ng in those patients for whom transthoracic echocardiog-
aphy is definitive.
Of the entire cohort, 11 patients were discharged from
he hospital with no respiratory symptoms. Only 1 patient
patient 20) required a tracheostomy (which he underwent
efore his arrival at MS-CHONY), and he remains ventila-
or dependent at night. One patient (patient 12) with severe
ronchomalacia died of an apparent respiratory arrest (he
ad required home CPAP). Two patients (patients 10 and
3) were discharged home with bronchomalacia, as diag-
osed by fiberoptic bronchoscopy, but now demonstrate no
unctional limitations. One patient (patient 14) was seen
ostoperatively with 2 years of obstructive airway symp-
oms (as manifested by inability to keep up with her peers in
xercise) and subsequently underwent reoperation and revi-
ion of her reduction arterioplasty. Three patients were
navailable for follow-up. No patient has had formal exer-
ise testing.
iscussion
PV syndrome is an uncommon variant, affecting only 3%
o 6% of patients with TOF. In addition to the stigmata of
OF, those with APV characteristically demonstrate mas-
ively dilated PAs, thought to contribute substantially to
racheomalacia and bronchomalacia and thus to respiratory
ompromise in early life. Those with TOF-APV have tra-
itionally been subdivided into two groups: those who have
espiratory distress in the neonatal period and those who do
ot. This categorization in previous studies has also been
hought to predict postoperative outcome, with those who
ave preoperative respiratory compromise having worse
ostoperative outcomes.
Substantial controversy persists in the literature regard-
ng the management of the neonate with symptoms, with
echnical concerns regarding arterioplasty of the branch PAs
nd the establishment of the RV-PA connection. Most have
dvocated early intervention, although reported mortality
or operation in the neonatal period has been considerable.
e undertook this study to review our experience with
rimary repair of TOF-APV during a 15-year period. Our
esults are notable for four salient findings.
First, we continue to follow a strategy for early operative
ntervention for TOF-APV, even for patients without symp-
oms. If patients can be stabilized with CPAP, this proce-
ure can be performed electively; those who require me-
hanical ventilation may also demand earlier operation, as a
The Journal of Thoracicir trapping, focal emphysema, and pneumothorax can re-
ult in those in whom emergency repair is accelerated by
espiratory compromise.
Second, at the time of operation, we have found several
echnical points worthy of mention. First, we fully mobilize
he branch PAs from hilum to hilum; it is also essential to
xcise all ductal tissue when present, because such tissue
an result in residual branch pulmonary stenosis. In addi-
ion, at the time of reduction arterioplasty, it is important not
o excise excessive amounts of tissue at the angle of the
ain pulmonary and right PA, because this can result in a
oo-acute angle of origin of the right PA, presaging the
evelopment of stenosis at this point. Similarly, for those
ho require unifocalization at the time of repair, particular
ttention must be paid to the angle of origin of the reim-
lanted PA to reduce the possibility of kinking and subse-
uent stenosis.
Third, we have not found it necessary to maintain a
alved connection between the RV and the PA (and have
ad no experience with a PTFE monocusp valve in this
etting), although others have suggested its necessity in the
ewborn period, when the likelihood of pulmonary hyper-
ension is greatest. In addition, use of the direct connection
echnique brings the back wall of the main PA more anterior
han in reconstruction with a homograft, and in this way
ay in fact by design bring the PAs more anterior (and off
he bronchus) than other repair techniques. As with our
xperience in repair of truncus arteriosus, it would appear
hat patients treated with direct connection type techniques
ave not required reoperation such as would be obligatory
ith the use of a homograft connection in the neonatal
eriod.7
Fourth, the exercise tolerance of these children has been
xcellent. Even mild symptoms of exercise intolerance
owever, may reflect significant RV dilatation or hyperten-
ion. Close follow-up evaluation of these children by
chocardiography and MRI is thus mandatory to evaluate
ongitudinally potential PA stenosis and RV dimensions and
unction. Many of the distal pulmonary stenoses can be
anaged percutaneously, but for patients who demonstrate
ignificant perfusion mismatch (greater than 70%/30%
iscrepancy), a repeat pulmonary arterioplasty is often
ndicated.
In sum, we report excellent outcomes with early repair of
OF-APV, including for patients with severe tracheomala-
ia. Despite the relief of anterior compression of the tra-
heobronchial tree, however, bronchomalacia may persist,
nd thus such patients require assiduous follow-up. We have
ound ventilation-perfusion scans to be a simple, inexpen-
ive means of assessing pulmonary flow distribution; how-
ver, MRI not only affords this assessment but further
llows evaluation of PA anatomy, RV function, and regur-
and Cardiovascular Surgery ● Volume 132, Number 5 1103
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Ditant fractions. It is hoped that future studies with long-
erm follow-up evaluation will help to delineate those pa-
ients who may require intervention to establish pulmonary
alve competency.
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